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Diagnostic accuracy of  a lung ultrasound protocol (Vet BLUE) for detection of pleural 1 
fluid, pneumothorax and lung pathology in dogs and cats  2 
 3 
Objective: To assess the accuracy of the lung ultrasound protocol Vet BLUE, using thoracic 4 
computed tomography (CT) as the reference standard, for the detection of thoracic pathology 5 
in dogs and cats.  6 
 7 
Methods: Animals that had thoracic ultrasound and thoracic CT were prospectively recruited 8 
between May 2017 and September 2018.  The Vet BLUE protocol was performed on animals 9 
at the time of admission by veterinarians with basic training in emergency ultrasound. A 10 
board-certified radiologist, blinded to the Vet BLUE findings, reviewed the CT images. 11 
 12 
Results: Computed tomography was abnormal in 64.5% (20/31) animals. The number of CT 13 
sites positive for alveolar-interstitial syndrome (AIS) was 24.2% (60/248). When using CT as 14 
the reference standard, detection of  ≥3 B lines with thoracic ultrasound had a sensitivity of 15 
18.33% and specificity of 98.4% for detection of site specific AIS. The sensitivity of Vet 16 
BLUE to detect AIS increased to 56.9% when including the presence of any B line as 17 
abnormal. Overall accuracy for detection of AIS based on these two criteria was 79% and 18 
73% respectively. Vet BLUE correctly identified consolidation in 58.3% (14/24) sites, 19 
pleural effusion in 66.6% (2/3) cases, pneumothorax in 33.3% (1/3) cases and intrathoracic 20 
mass in 25% (1/4) cases.  21 
 22 
Clinical significance: The Vet BLUE protocol is a useful technique to detect AIS and other 23 
thoracic pathology but should not be used as a sole imaging method. Detection of  ≥3 B lines 24 
is highly suggestive of AIS and warrants further diagnostics.   25 
 26 
 27 
Introduction 28 
Point-of-care thoracic ultrasound (POCTUS) was initially developed for use in the 29 
emergency assessment of human trauma patients.  It was used to aid in the diagnosis of 30 
pneumothorax, haemothorax and pericardial effusion (Cunningham et al. 2002, Kirkpatrick et 31 
al. 2004, Hamilton et al. 2004, Kirkpatrick et al. 2005,  Reissig & Kroegel 2005). Point-of-32 
care thoracic ultrasound was adapted for use in veterinary patients and was found to be quick 33 
and accurate in detecting pneumothorax and other thoracic injuries when compared to 34 
thoracic radiographs (Lisciandro et al. 2008). More recently, an extended assessment with 35 
sonography protocol was shown to detect even more pathologies in canine and feline trauma 36 
patients (Armenise et al. 2019). 37 
 38 
Point-of-care thoracic ultrasound has been increasingly used in the assessment of critically ill 39 
animals and it has been suggested that it may be beneficial in the assessment of all unstable 40 
animals (McMurray et al. 2016).  Ultrasound has several advantages over other imaging 41 
modalities as it is relatively inexpensive, non-invasive, minimally stressful to the patient and 42 
fairly easy to interpret with adequate training. Point-of-care thoracic ultrasound has been 43 
shown to be useful in the diagnosis of cardiogenic pulmonary oedema and other pulmonary 44 
diseases in dogs and cats (Rademacher et al. 2014, Vezzosi et al. 2017, Ward et al. 2017, 45 
Ward et al. 2018a,b, Ward et al. 2019, Hori et al. 2020). Different thoracic ultrasound 46 
techniques have been described for the assessment of non-traumatic thoracic disease 47 
including a four-quadrant technique (Rademacher et al. 2014), a regional based lung 48 
ultrasound (Lisciandro et al. 2014, Lisciandro et al. 2017) and a sliding ultrasound technique 49 
(Vezzosi et al. 2017, Armenise et al. 2019, Boysen et al. 2019). 50 
 51 
The Vet BLUE protocol is a thoracic ultrasound technique which has been used in various 52 
studies to assess regional alveolar-interstitial syndrome (AIS) in dogs and cats presenting 53 
with respiratory signs (Ward et al. 2017, Lisciandro et al. 2017, Ward et al. 2018, Ward et al. 54 
2019) It is reported to be accurate in diagnosing cardiogenic pulmonary oedema when 55 
compared to thoracic radiographs (Ward et al. 2017, Lisciandro et al. 2017). However, 56 
quadrant by quadrant agreement between thoracic radiographs and POCTUS was only 57 
reported to be fair for the detection of AIS. Point-of care thoracic ultrasound found a higher 58 
number of quadrants to be ‘positive’ than radiographs, suggesting POCTUS may be more 59 
sensitive than specific for detection of AIS (Ward et al. 2018). 60 
 61 
Computed tomography (CT) and concurrent airway sampling is considered to be the 62 
reference standard for diagnosis of thoracic disease. However, in unstable patients, general 63 
anaesthesia or sedation for CT and airway sampling may not be possible. In human medicine, 64 
POCTUS has not only been shown to be successful in the diagnosis of a variety of 65 
parenchymal diseases but has also been shown to be more sensitive than thoracic radiography 66 
in the diagnosis of acute respiratory conditions such as pneumonia, acute respiratory distress 67 
syndrome (ARDS) and interstitial disease (Lichtenstein & Mezière 2008, Reissig & Copetti 68 
2014,  Ünlüer & Karagöz 2014, Winkler et al. 2018, Chiumello et al. 2019). The only 69 
published veterinary study comparing POCTUS to CT is a small study assessing their 70 
agreement for the detection of pneumothorax and pleural effusion. This study found fair-71 
moderate agreement for the detection of pleural effusion, but poor agreement for the 72 
detection of pneumothorax (Walters et al. 2018).  73 
 74 
When evaluating for AIS on POCTUS in humans a positive site is conventionally defined as  75 
the presence of  ≥3 B lines in a longitudinal plane between two ribs (Volpicelli et al. 2012).  76 
However, if the criteria is adjusted to include the presence of any B lines on POCTUS as 77 
abnormal then POCTUS has been shown to be a highly sensitive modality for the detection of 78 
AIS (Tierney et al. 2020). 79 
 80 
The aim of this study was to prospectively assess the accuracy of  Vet BLUE for detection of 81 
AIS, pneumothorax and pleural effusion, compared to thoracic CT in dogs and cats 82 
presenting to an emergency department for a variety of clinical conditions. We hypothesised 83 
that when using the recommended diagnostic criteria of  ≥3 B lines Vet BLUE would have a 84 
high specificity and lower sensitivity for detection of regional AIS. When adjusting the 85 
criteria to include those sites with ≥1 B lines we hypothesised the sensitivity of Vet BLUE to 86 
detect AIS would increase. We further hypothesised Vet BLUE would have good sensitivity 87 
for the detection of pleural effusion but poor sensitivity for the detection of pneumothorax.  88 
 89 
Materials and methods 90 
Ethical approval was granted by XXXXXXX. All dogs and cats presenting to a veterinary 91 
teaching hospital between May 2017 and September 2018 were prospectively recruited to the 92 
study. Exclusion criteria were lack of owner consent (either refused or not requested) and 93 
time constraints leading to failure of completion of the study paperwork. Signalment, 94 
physical examination findings and final diagnosis were recorded. Respiratory abnormalities 95 
were defined as RR > 40 breaths/minute (excluding panting), increased respiratory effort 96 
and/or abnormal chest auscultation. Abnormal auscultatory findings included wheezes, 97 
crackles, inspiratory or expiratory noise and reduced lung sounds.  98 
A previously described 8 site (4 sites per hemithorax) lung ultrasound protocol, Vet BLUE 99 
(Lisciandro et al. 2014), was performed on all animals. The four sites were identified as 100 
follows; caudodorsal lung region (intercostal space 8-9), upper third of the thorax dorsal to 101 
the xiphoid;  perihilar lung region (intercostal space 6-7), central third of the thorax; middle 102 
lung region (intercostal space 4-5), lower third of the thorax at the level of the costochondral 103 
junction; cranial lung lobe region (intercostal space 2-3), lower third of the thorax cranial to 104 
heart at the level of the costochondral junction. The probe was positioned perpendicular to a 105 
single rib space at each of the four sites and pivoted dorsally and ventrally in that location. 106 
All sites were scanned with the animals in standing or sternal position (Figure 2). 107 
All animals were evaluated with same portable ultrasound machine using a curvilinear 8mHz 108 
probe (Sonosite VetMed, Sonosite Inc. Bothell, WA, USA) with the depth adjusted as desired 109 
by the clinician for each individual animal. The imaging sites were not clipped, instead the 110 
fur was parted and alcohol and ultrasound gel were applied to the coat and skin. Vet BLUE 111 
was performed by attending interns and residents with basic didactic teaching compromising 112 
of a one-hour video-based lecture on POCTUS which included illustrations of anatomical 113 
landmarks (ribs, xiphoid and costochondral junction) used for the identification of the Vet 114 
BLUE scanning sites, alongside variable length of supervised scanning time. 115 
 116 
A form (Appendix 1) was completed by the clinician performing the Vet BLUE, 117 
documenting the findings at each site. B lines were graded as follows: 0: no B lines, 1: 1 118 
discrete B line, 2: 2 discrete B lines, 3: 3 or more discrete B lines or confluent B lines. 119 
Consolidated lung was defined as lung which had an echogenicity and echotexture 120 
appearance like the liver (Ward et al. 2018). POCTUS-identified AIS was defined as a B line 121 
score of 3 in a single site (Volpicelli et al. 2012). Diffuse AIS was defined as at least two 122 
sites with evidence of AIS on each hemithorax (Volpicelli et al. 2012, Ward et al. 2017). 123 
Focal disease was identified in only one site per hemithorax fulfilling the criteria for AIS. 124 
POCTUS-identified pneumothorax was defined as a lack of a glide sign. POCTUS-identified 125 
pleural effusion was defined as the presence of anechoic or hypoechoic fluid between the 126 
visceral and parietal pleura. Other sonographic findings were recorded at the clinicians’ 127 
discretion.  128 
 129 
Those animals that had a CT on that visit to the hospital were prospectively recruited and Vet 130 
BLUE findings were then compared to CT, using CT as a reference standard. CT was 131 
performed using a 16 multidetector scanner (16‐slice MDCT scanner MX 8000 IDT, Philips 132 
Medical Systems, UK). Each hemithorax was divided in to 4 regions corresponding to the 133 
Vet BLUE sites (Figure 3a,b,c,d). Each of these regions was individually reviewed by a 134 
specialist diagnostic imager blinded to the Vet BLUE findings. Computed tomography 135 
findings were grouped into the following categories: alveolar-interstitial syndrome (ground-136 
glass opacities appearing as hazy increased lung attenuation, with preservation of the 137 
bronchial and vascular margins), consolidation/pulmonary mass (with bronchovascular 138 
bundles obscured), pleural fluid (soft tissue-attenuating material between the pleurae (visceral 139 
and parietal) with associated retraction of the lung margins from the body wall) and 140 
pneumothorax (free gas between the pleurae). Focal disease was defined as 1 affected CT 141 
region on each side of the hemithorax, diffuse disease was defined as  ≥2 CT regions on each 142 
side of the hemithorax affected and peripheral pulmonary disease was defined as pathology 143 
within 3mm of the periphery of the lungs (Chiumello et al. 2019).The timing of both Vet 144 
BLUE and CT imaging was recorded to allow calculation of time difference between the two 145 
events. 146 
 147 
Statistical analysis 148 
Analysis was performed with a commercially available statistical package (SPSS 149 
Statistics,Version 22.0. IBM). Data were assessed for normality using a Kolmogorov-150 
Smirnov test and visual inspection of histograms. Normally distributed data was expressed as 151 
mean and standard deviation and non-parametric data was expressed as median and 152 
interquartile range.  Sensitivity (percentage of true-positive results), specificity (percentage of 153 
true-negative results), positive predictive value (percentage of sites with Vet BLUE findings 154 
indicative of AIS that were consistent with CT findings of AIS) and negative predictive value 155 
(percentage of sites with no abnormalities detected on Vet BLUE which also had no 156 
abnormal findings on CT) were calculated for the Vet BLUE protocol with CT as the 157 
reference standard as follows: 158 
Sensitivity = TP/(TP+FN) x 100 159 
Specificity = TN/ (TN+FP) x 100 160 
Positive predictive value (PPV) = TP/(TP+FP) x 100 161 
Negative predictive value (NPV) = TN/(TN+FN x 100 162 
Where FN was the number of false negatives, FP was the number of false positives, TN was 163 
the number of true negatives and TP was the number of true positives. Overall accuracy was 164 
calculated as the percentage of sites correctly identified as either positive or negative for AIS 165 
on Vet BLUE using CT as a reference standard.  166 
 167 
Results 168 
Three-thousand six hundrend and seventy-eight  animals presented as an emergency during 169 
the study period and of these 141 animals had the results of a Vet BLUE ultrasound recorded. 170 
Thirty-one animals; 26 dogs and 5 cats, had both Vet BLUE and thoracic CT performed 171 
(Figure 1). Residents performed the Vet BLUE in 51.6% (16/31) cases and interns performed 172 
it in 48.4% (15/31). The mean age of the dogs was 96 months (sd = 8 months). Sixty-four 173 
percent (20/31) animals had abnormal respiratory findings on physical examination. Thirty-174 
five percent (11/31) had a respiratory rate (RR) >40bpm, 41.9% (13/31) had increased 175 
respiratory effort, 16.1% (5/31) had reduced lung sounds and 3.2% (1/31) had an 176 
asynchronous breathing pattern. Thirty two percent animals (10/31) had no respiratory 177 
abnormalities. Nineteen percent of animals (6/31) were diagnosed with airway disease, 178 
19.4% (6/31) with pleural space disease,16.1% (5/31) with pulmonary disease and 12.9% 179 
(4/31) with mediastinal disease. Thirty two percent (10/31) were diagnosed with extra-180 
thoracic disease (Table 1). 181 
 182 
B lines were detected in 80.6% (25/31) animals and in 31.0% (77/248) Vet BLUE sites. B 183 
lines were most commonly seen in the middle lung site on both sides of the hemithorax 184 
(Table 2). A Vet BLUE diagnosis of AIS was made in 19.4% (6/31) animals. Consolidation 185 
was reported in 12.9% (4/31) animals. In 50.0% (2/4)  animals with consolidation, another 186 
thoracic pathology was detected; an intra-thoracic mass in one case and thoracic nodules in 187 
the other. The absence of a glide sign was detected in 3.2% (1/31) cases, pleural effusion in 188 
6.5% (2/31) cases and an intra-thoracic mass in 6.5% (2/31) cases. A step sign (where the 189 
glide sign deviates from the normal linear pulmonary–pleural interface) was reported in 3.2% 190 
(1/31) cases.  191 
 192 
Median time between Vet BLUE and CT was 19 hours (interquartile range 10 hours). Fifty-193 
one percent (16/31) animals had a CT diagnosis of AIS, 22.6% (7/31) had parenchymal 194 
changes consistent with consolidation, 12.9% (4/31) had a mediastinal mass, 3.22% (1/31) 195 
had pleural masses, 9.7% (3/31) had a pneumothorax, 9.7% (3/31) had pleural fluid, 6.45% 196 
(2/31) cases had nodules detected and 35.48% (11/31) animals had no abnormalities noted. 197 
Of those cases diagnosed with AIS on CT, 68.8% (11/16) were diagnosed with focal disease 198 
and 31.3% (5/16) were diagnosed with diffuse disease. Sixteen percent (5/31) of the 199 
abnormal findings were peripherally located, of which one was interstitial emphysema. 200 
 201 
The number of CT sites positive for AIS was 24.2% (60/248). When compared to CT, using 202 
the standard criteria for AIS ( ≥ 3 B lines), Vet BLUE had an overall sensitivity of 18.33%, 203 
specificity of 98.4%, PPV of 78.6%, NPV of 79.1% and overall accuracy of 79.0%. When  204 
including any B line as abnormal the sensitivity increased to 56.9% and specificity decreased 205 
to 78.4% with a PPV of 44.6%, NPV of 85.6% and similar accuracy of 73.0%. When 206 
considering the individual sites the left cranial site had the highest PPV (100% ( ≥ 3 B lines) 207 
and 80% (any B line). When defining a positive site as the presence of any B line the PPV of 208 
the left caudal site decreased from 100% to 25%. All sites had similar NPVs using both 209 
criteria for AIS (Table 3). When including a single B line in more than one site on either 210 
hemithorax as abnormal Vet BLUE correctly identified diffuse disease in 40.0% (2/5) 211 
animals. 212 
 213 
Twenty-two percent (7/31) animals and 9.0% (24/248) sites had evidence of consolidation on 214 
CT. Consolidation was focal in 4/7 and diffuse in 3/7 animals. Vet BLUE correctly identified 215 
consolidation in 57.1% (4/7) animals and in 58.3% (14/24) consolidated sites on CT with 216 
sensitivity of 58.3% (CI 36.6-77.9%) and specificity of 95.6% (CI 97.5-100.0%). Forty 217 
percent (4/10) of these false negative sites on Vet BLUE had B lines identified in the same 218 
site where consolidation was detected on CT. Nine percent (3/31) cases and 7.4% (19/248) 219 
CT sites were positive for pneumothorax. Pneumothorax was not detected on Vet BLUE in 220 
66.6% (2/3) cases. In one of these animals therapeutic thoracocentesis was performed prior to 221 
a Vet BLUE examination. Ten percent (2/19) sites were correctly identified as having a 222 
pneumothorax on Vet BLUE. Nine percent (3/31) animals had pleural effusion detected on 223 
CT and 3.0% (9/248) of sites were positive for pleural effusion. Vet BLUE correctly 224 
identified pleural effusion in 66.6% (2/3) animals and in 33.3% (3/9) sites. A mediastinal 225 
mass was detected on CT in 12.9% (4/31) animals and in one of these animals there were 226 
associated satellite pleural masses. Vet BLUE detected 25.0% (1/4) of these masses. A 227 
cranioventral mass was reported on Vet BLUE examination that was not present on thoracic 228 
CT.  229 
 230 
Forty-five percent (5/11) animals with normal CT had B lines documented on Vet BLUE; 231 
score 1 in 1 site (2/5), score 1 in 2 sites (1/5), score 1 in 4 sites (1/5) and score 1 and score 2 232 
in two different in sites (1/5).  233 
 234 
Discussion 235 
This study shows that a regional based lung ultrasound protocol, Vet BLUE, performed by 236 
veterinary surgeons with basic didactic video-based lecture training, had good overall 237 
specificity but poor sensitivity for the detection of AIS, when compared to the reference 238 
standard; thoracic CT. These findings suggest the presence of  ≥ 3 B lines, detected by Vet 239 
BLUE are likely to be significant, but by using this criteria alone, relevant findings on CT 240 
may be missed. Altering the definition of AIS to include the presence of any B line as 241 
abnormal increased the sensitivity of the Vet BLUE for detection of AIS with minimal effect 242 
on the specificity and overall accuracy of the technique. This is consistent with human studies 243 
whereby excluding < 3 B lines resulted in 5-10% reduction in overall agreement between 244 
POCTUS and CT (Tierney et al. 2020). These results suggest the presence of 1-2 B lines in a 245 
single location may be significant, particularly if other historical or physical examination 246 
findings are also suggestive of respiratory disease. 247 
 248 
Vet BLUE correctly identified the presence of pleural effusion in the majority of animals in 249 
which it was detected on CT. This finding is similar to that reported when comparing a 250 
TFAST lung ultrasound protocol with CT when pleural effusion was correctly identified in 251 
50% of cases (Walters et al. 2018).  In the current study Vet BLUE correctly identified 252 
pleural effusion in the cranial site in 2/3 animals, and in the case where it was not detected, 253 
the pleural effusion on CT was restricted to this site only. Vet BLUE however, failed to 254 
detect pleural effusion in all three perihilar sites despite being detected on Vet BLUE in the 255 
same animal in the cranial site. These finding suggest Vet BLUE may be less sensitive for the 256 
detection of  pleural fluid in non-dependant sites. In this study the probe was only placed 257 
perpendicular to the rib and the most ventral location of the probe was the costochondral 258 
junction. Placement of the probe both perpendicular and parallel to the ribs and inclusion of 259 
the pericardio- diaphragmatic (PD) site to ensure scanning of the most dependent part of the 260 
thorax may have increased the chance of detection of small volume pleural effusions (Boysen 261 
et al. 2019, Milliner and Tsung 2017, Boysen et al. 2020). 262 
 263 
Vet BLUE failed to detect pneumothorax in 2 of the 3 cases in this study. When considering 264 
all the individual sites positive on CT for pneumothorax Vet BLUE had a poor sensitivity for 265 
detection of pneumothorax as previously reported for the TFAST protocol (Walters et al. 266 
2018). However, in contrast to the study assessing TFAST technique, the Vet BLUE protocol 267 
used in the current study did not lead to false positive diagnoses of pneumothoraces (Walters 268 
et al 2018). All cases of pneumothorax had respiratory rate above 40 breaths and therefore 269 
failure to detect pneumothorax in the majority of animals could be due to the effect of the 270 
high respiratory rate on accurate assessment of the glide sign. Other reasons for failing to 271 
detect a pneumothorax on Vet BLUE could include inadequate Vet BLUE training, failure to 272 
assess the most caudal dorsal point of the thorax with the Vet BLUE technique (particularly 273 
in larger breeds of dogs) and overall poor sensitivity of using the absence of a glide sign in 274 
isolation for detection of pneumothorax (Walters et al. 2018). The orientation of the probe, 275 
including changing the position of the probe in the rib space, alongside detection of a lung 276 
point could have increased the likelihood of detecting a pneumothorax. Detection of an 277 
abnormal curtain sign and a reverse sliding at the thoracoabdominal border, a region not 278 
routinely assessed in the Vet BLUE technique, may have further improved the sensitivity for 279 
detection of a pneumothorax (Boysen et al. 2019, Hwang et al. 2018). 280 
 281 
Vet BLUE detected consolidation in all animals that had diffuse consolidation on CT but 282 
detected it in only in a quarter of animals that had focal consolidation. Changing the probe 283 
orientation and scanning additional sites may have increased the sensitivity for detection of a 284 
consolidated region. Pulmonary neoplasia was the most frequent cause of consolidation in 285 
this population. All three cases diagnosed with pulmonary neoplasia had one or more regions 286 
of consolidation detected on Vet BLUE and in one case a nodule was also detected on Vet 287 
BLUE. Consolidation has previously been identified on POCTUS in dogs with aspiration 288 
pneumonia and eosinophilic bronchopneumopathy and nodules have been identified in dogs 289 
with neoplasia, pneumonia and bronchitis (Rodrigues et al. 2020, Ward et al. 2019). Further 290 
studies are required to better classify these novel POCTUS findings to help determine what 291 
these findings represent, and whether this varies depending on the signalment of the animal 292 
and the location and distribution of the pathology. However, the results of this study do 293 
suggest that the detection of consolidation and/or nodules on POCTUS should prompt further 294 
advanced imaging.  295 
 296 
Intrathoracic masses were diagnosed in four animals on CT and only 1/4 of these was 297 
detected on Vet BLUE. The Vet BLUE protocol also falsely detected a thoracic mass in a 298 
dyspnoeic dog. A left cranial soft tissue mass was diagnosed on Vet BLUE examination, 299 
whereas the CT findings were compatible with a pulmonary thromboembolism with 300 
increased lung attenuation in the cranioventral aspect of the left cranial lung lobe. It is 301 
possible that the decreased lung echogenicity was misinterpreted on Vet BLUE as a space 302 
occupying lesion. Alternatively, excessive cranial placement of the ultrasound probe may 303 
have resulted in contact with musculature which could also be misinterpreted as pathology. In 304 
one other case  with a CT diagnosis of an intrathoracic mass, both lung consolidation and a 305 
soft tissue mass were described on Vet BLUE, whereas only the mass was reported on CT. 306 
This could be explained by the difficulty in differentiating a mass lesion and consolidated 307 
lung on Vet BLUE. The sonographic findings of consolidation could also occur as a result of 308 
atelectasis of the lung lobes in close proximity to the mass in a conscious animal which was 309 
then eliminated under general anaesthesia, with the use of positive pressure ventilation. Other 310 
sonographic findings, specifically the lung pulse, the rhythmic movement of the pleura in 311 
synchrony with the cardiac rhythm and dynamic air bronchograms, the movement of small 312 
hyperechoic bubbles in the bronchus (representing air) with each breath, have been suggested 313 
to aid in distinguishing atelectasis from pneumonia (Lichtenstein & Mezière 2008, 314 
Rodgrigues, et al. 2020). The use of Vet BLUE for the diagnosis of intrathoracic masses has 315 
not been previously reported in veterinary species and further studies are required to 316 
investigate its utility for this purpose. 317 
 318 
The overall diagnostic accuracy of Vet BLUE for detection of thoracic abnormalities reported 319 
in this population is lower than that reported in people with respiratory symptoms (Winkler et 320 
al. 2008, Tierney et al. 2020). Reasons for this could include the lack of veterinary POCTUS 321 
standardised training, differences in the subjects (anaesthetised ventilated humans compared 322 
to conscious animals), the time interval between ultrasound and CT allowing for progression 323 
or improvement in thoracic pathology, alongside differences between human and veterinary 324 
thoracic ultrasound protocols, particularly the site-specific scanning protocol utilised in the 325 
Vet BLUE. The sites utilised in the human BLUE have been validated (Cremonese, et al. 326 
2013), however, the sites chosen in Vet BLUE have not undergone external validation. This 327 
may therefore affect the overall accuracy of the Vet BLUE technique. 328 
 329 
The sensitivity of the Vet BLUE examination compared to CT for detection of AIS in this 330 
study is less than is reported when radiographs have been compared to CT for detection of 331 
pulmonary contusions. Dancer et al. (2019) found radiographs to have a sensitivity of 69% 332 
and specificity of 83% for detection of pulmonary contusions compared to CT. The reduced 333 
overall sensitivity of POCTUS compared to radiography could be explained by the low 334 
number of sites scanned in the Vet BLUE protocol and the ability of Vet BLUE to only detect 335 
pathology limited to within 3mm of the periphery (Soltadi et al. 2011).  However, the results 336 
of the radiographic study are not directly comparable to the current study at it did not assess 337 
the sensitivity and specificity of each radiographic quadrant. When considering individual 338 
lung regions, the Vet BLUE protocol had increased sensitivity in 3/8 (right perihilar, right 339 
middle, left middle) regions for detection of AIS than that reported for thoracic radiographs. 340 
One study comparing POCTUS and thoracic radiographs for the detection of regional AIS 341 
found POCTUS to be more likely to categorise disease as diffuse compared to radiographs 342 
and scored a higher number of quadrants positive suggesting that lung ultrasound may be 343 
more sensitive in detecting diffuse AIS than radiographs (Ward et al. 2018). The only 344 
veterinary study directly comparing POCTUS, radiographs and CT is an experimental study 345 
of dogs with pneumothorax and this study found ultrasound to have overall higher positive 346 
and negative predictive values for detection of pneumothorax than radiography when using 347 
CT as a reference standard (Hwang et al. 2018). Further studies are required comparing both 348 
thoracic radiographs and POCTUS to CT. However, the results of this study and other 349 
veterinary studies suggest both POCTUS and radiography have a complementary role in 350 
detecting thoracic pathology. 351 
 352 
When considering the accuracy of detection of any CT abnormality in a specific vet BLUE 353 
region, the right caudal site had the worst overall PPV and the PPV of the left caudal site 354 
reduced to 25% when including 1-2 B lines for the diagnosis of AIS. Ward et al’s (2018) 355 
study comparing Vet BLUE to thoracic radiography demonstrated more cranial quadrant 356 
positive sites on Vet BLUE and more positive caudal quadrants sites positive on radiographs. 357 
The caudal site is considered to be more difficult to assess with ultrasound due to its size and 358 
close proximity to the diaphragm and its movement during inspiration and expiration (Ward 359 
et al. 2018). Point of care thoracic ultrasound is also suggested to be less sensitive in the 360 
absence of peripheral disease, and as the caudal lung lobe is the largest, pathology in this lobe 361 
may be less likely to reach the periphery (Soldati et al. 2011).  362 
 363 
The prevalence of B lines in animals with normal thoracic CT findings was nearly 50% in 364 
this study, which is higher than previously reported in healthy animals with reported 365 
prevalences of 12% in healthy cats and 11-46% in healthy dogs (Rademacher et al. 2014, 366 
Lisciandro et al. 2014, Lisciandro et al. 2017 Hori et al. 2020). Previous studies have 367 
reported the presence of 1-2 B lines confined to one or two sites in dogs without pulmonary 368 
pathology and the results of this study echo these findings; almost half of all animals with a 369 
normal CT had B lines documented on Vet BLUE, but 60% (3/5) of these cases had only 1 B 370 
line in 1-2 sites. Suggested reasons for relatively higher prevalence of B lines in animals 371 
without pathology identified on thoracic CT in this study compared to others include the 372 
possibility of misinterpretation of Z lines (ill-defined vertical lines arising from the parietal 373 
pleural which do not end at the periphery, do not erase A lines and are not synchronous with 374 
respiratory movements) as B lines. The origin of these lines are not known but they have 375 
been reported in 80% of human population and 100% of healthy shelter dogs 376 
(Wongwaisayawan et al. 2016, Yu Lee et al. 2018, Martin et al. 2019). 377 
 378 
When considering the conclusions of this study, one needs to be aware of the study’s 379 
limitations. A relatively small number of animals undergoing Vet BLUE examination went 380 
on to have thoracic CT and, of these, relatively few had extra-pulmonary disease. A larger 381 
study is needed to assess fully the accuracy of POCTUS for the detection of mediastinal and 382 
pleural space disease. This study enrolled a heterogenous population of animals with a 383 
variety of clinical disorders; both respiratory and non -respiratory disease and due to the 384 
clinical setting, Vet BLUE and CT were not performed sequentially. This time delay could 385 
explain the discrepancy in some of the pulmonary abnormalities as interventions, such as 386 
thoracocentesis were performed in this time and lesions may have progressed or resolved in 387 
that time period. However, interestingly, human studies of respiratory failure have shown the 388 
time between ultrasound and CT in a 24- hour period not to affect the overall agreement 389 
between the two modalities (Tierney et al. 2020). 390 
 391 
Multiple individuals with a range of sonographic and clinical experience performed the Vet 392 
BLUE examinations, although they had all had the same basic training. This variability in 393 
personnel likely explains at least some of the discrepancy between the Vet BLUE and CT 394 
results. Nevertheless, interobserver agreement has previously been shown to be high in a Vet 395 
BLUE examination (Ward et al. 2017).  Practical training did not include advanced 396 
sonographic findings such as Z lines and dynamic air bronchograms. Future studies should 397 
include compulsory advanced didactic and practical training, with a defined time-period of 398 
supervised scanning to include these features.  The Vet BLUE protocol used in this study 399 
only examined four sites on each hemithorax and this technique could therefore result in 400 
failure to detect focal pathology or small volume pneumothoraces or pleural effusion. Other 401 
regional based ultrasound such as a sliding lung technique may be preferred to detect focal 402 
abnormalities (Vezzosi et al. 201, Armenise et al. 2019, Boysen et al. 2019 ).   403 
 404 
In conclusion, this study demonstrates that a regional based lung ultrasound, Vet BLUE, is a 405 
useful technique to detect intrathoracic disease when performed by veterinarians with basic 406 
training. Detection of three or more B lines is highly suggestive of AIS and should prompt 407 
further diagnostics. Detection of 1-2 B lines should be interpreted in light of other historical 408 
and clinical findings. Vet BLUE may be useful in ruling in pneumothorax and pleural 409 
effusion but should not be used alone to rule out these conditions. The role of POCTUS in the 410 
detection of lung consolidation appears promising but its use in the detection of pulmonary 411 
nodules and thoracic masses requires further evaluation. Larger studies directly comparing 412 
POCTUS and radiography with thoracic CT are required but current evidence suggests 413 
POCTUS should be used alongside thoracic radiographs and not in place of them.  414 
 415 
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